Abstract Recently, the use of plants for the production of recombinant proteins has been well demonstrated with promising outcomes. In this study, an efficient Nicotiana tabacum L. cv. Bright Yellow 2 (BY-2) cells system expressing the ectodomain of hemagglutinin-neuraminidase (eHN) protein from Newcastle disease virus (NDV) strain AF2240 was established. Transgenic tobacco BY-2 cell cultures expressing the immunogenic eHN protein were generated and the translation efficiency of eHN protein was enhanced using the 5 0 -untranslated region of Nicotiana tabacum alcohol dehydrogenase gene (NtADH 5 0 -UTR) under the control of strong cauliflower mosaic virus (CaMV 35S) promoter. Transgenic lines verified by real-time PCR showed high level of eHN mRNA transcripts and immunoblotting confirmed the presence of 66 kD eHN protein. The eHN protein was stably produced in an average of 0.2-0.4 % total soluble protein. Green fluorescent protein-tagged eHN protein was expressed and localized at the cytosol of BY-2 cell. All mice receiving purified eHN protein from transgenic tobacco BY-2 cells produced specific anti-NDV antibodies. We concluded that plant made eHN elicit immune response and can serve as candidate vaccine against NDV.
Introduction
The use of plants for the production of recombinant proteins has been well accepted with promising outcomes recently. In particular, the plant cell suspension system has been extensively demonstrated to be efficient, simple and yet powerful platform for the production of plant-derived pharmaceutical proteins. Unlike whole-plant systems, plant cell suspension cultures offer several advantages such as the capacity of shorter life cycles, lack of bacterial contaminant from the plant growth environment and independence from the environmental effects (Sun et al. 2011) . Besides, plants possess intact glycosylation machinery over bacterial system which is crucial for proper protein folding, stability and biological activity of most therapeutic glycoproteins (Ko and Koprowski 2005) . Over the years, this expression system has proven to be reliable and successful for the production of various essential recombinant proteins to meet the demand of the pharmacological industry (Soria-Guerra et al. 2011) . Previously, we have described the expression of the hemagglutinin-neuraminidase (HN) protein from Newcastle disease virus (NDV) strain AF2240 using the Spodoptera frugiperda (Sf9) cells (Ong et al. 2000) and Escherichia coli (E. coli) (Wong et al. 2009 ) expression systems. NDV is an economical important paramyxovirus which affects the poultry industry. The HN protein is one of the two surface antigens which are involved in stimulating the production of protective antibodies against the virus (Yusoff and Tan 2001) . The HN protein obtained in our laboratory using the E. coli expression system was able to induce immune response in specific pathogen free chickens (Wong et al. 2009 ). Nevertheless, the E. coli expression system resulted in low yield of HN protein level and deposition of inclusion bodies (Wong et al. 2009 ). The accumulations of inclusion bodies are mainly due to incorrect protein folding during the expression using the E. coli expression system.
Our laboratory has long been interested in improving the HN protein expression using the plant cell system. Thus, the present work is aimed at establishing an efficient HN protein expression system based on transgenic Nicotiana tabacum L. cv. Bright Yellow 2 (BY-2) cells expressing the immunogenic ectodomain of hemagglutinin-neuraminidase (eHN) protein from NDV strain AF2240. The BY-2 cells are able to grow as small undifferentiated aggregates (Martínez et al. 2011 ) and proved to be suitable for the production of numerous recombinant proteins such as human erythropoietin (Pires et al. 2012) , dengue virus envelope glycoprotein (Martí-nez et al. 2011 ) and human milk soluble CD14 (sCD14) protein (Girard et al. 2004 ).
Methods, results and discussion
To improve the protein solubility and yield, only a portion of HN gene encoding the ectodomain lacking the transmembrane region was amplified from the viral genome using the gene specific forward 5 0 -ggatccatgggagttagcacaccaagc-3 0 and reverse 5 0 -ctcgagtggttgactcaaccggccaga-3 0 primers following the reverse-transcription (RT)-PCR protocol as described by Wong et al. (2009) . The eHN cDNA was cloned into pBI121 plasmid driven by the strong constitutive cauliflower mosaic virus (CaMV 35S) promoter and inserted between the BamH1-Xho1 sites producing 35S:eHN:6xHis/pBI121 plasmid (Fig. 1) . We introduced 6xHis-tag at the C-terminal region of eHN protein to facilitate the purification and immunodetection by anti-6xHis-tag monoclonal antibodies. The final yield of the target proteins is often dependent on the regulation of gene expression at both the transcriptional and post-transcription levels. One of the important strategies to boost a high protein yield is through the expression construct design that ensures transcript stability and translational efficiency (Obembe et al. 2010) . Thus, the Nicotiana tabacum alcohol dehydrogenase gene (NtADH 5 0 -UTR) translational enhancer was cloned upstream of the eHN cDNA to further improve the eHN protein translational efficiency. Previously, the NtADH 5 0 -UTR translational enhancer was shown to increase protein translational efficiency and significantly improve the level of proteins in tobacco BY-2 cell cultures (Satoh et al. 2004; Matsui et al. 2006) .
The plasmid was introduced into tobacco BY-2 cells using agrobacterium mediated transformation protocol as described by Nakayama et al. (2000) . Transformants were selected using the modified Linsmaier and Skoog (LS) solid medium containing 250 mg/L carbenicillin and NOS-pro nopaline synthase promoter, NOS-t nopaline synthase terminator, LB left border, RB right border 100 mg/L kanamycin. Genomic DNA were extracted from the kanamycin resistant calli using DNA isolation kit (Qiagen, USA) and analyzed by PCR using gene specific forward 5 0 -atgggagttagcacaccaagc-3 0 and reverse 5 0 -tggttgactcaaccggccaga-3 0 primers. Transformants tested, showed the presence of approximately 1.6 kb bands corresponding to the size of the eHN cDNA (Fig. 2a) . Total RNA from the genomic PCR positive transformants were extracted using the plant RNeasy Plant Mini Kit (Qiagen, USA) and used for real-time PCR analysis following the SYBR Green protocol as described by the manufactures. The primers used for eHN mRNA detection were 5 0 -tagcacttggtgtgcttcggacatc-3 0 (forward) and 5 0 -gggttttagccctc cgtaaactggg-3 0 (reverse). The 18S rRNA was used as the internal control for data normalization. All transformants tested showed the presence of eHN mRNA indicating that eHN cDNA was successfully and actively transcribed. Interestingly, we observed that more than half of the transformants accumulated twofold higher eHN mRNA transcript levels than others (data not shown). A total of eight independent transformants verified to be genomic PCR positive and showed highest levels of eHN mRNA transcripts (Fig. 2b) were selected for initiation of BY-2 cell cultures in LS liquid medium containing 100 mg/L kanamycin.
The transgenic tobacco BY-2 cells crude extract was prepared and purified using the nickel-nitrilotriacetic acid (Ni-NTA) agarose matrix according to the protocol described by Sorrentino et al. (2005) . Crude extract containing eHN protein was analyzed by immunoblot using primary penta-His antibody (1:5,000 dilution) (Qiagen, USA) followed by secondary anti-mouse, horseradish peroxidase (HRP)-conjugated antibody (1:5,000 dilution) (Invitrogen, USA). A protein band of approximately 66 kDa which coincided with the predicted molecular weight of eHN protein was detected for all the eight transformants (Fig. 2c) . Previous studies had reported the detection of low HN protein level in transgenic potato plants (Berinstein et al. 2005 ) and agroinfiltrated Nicotiana benthamiana (Gómez et al. 2009 ). However, our expression system yielded eHN protein sufficiently to be clearly detected on the immunoblot. This result was expected as Matsui et al. (2009) also reported a significant protein yield of transgenic lettuce expressing candidate vaccine against edema disease using the NtADH 5 0 -UTR translational enhancer. We also observed a positive correlation between the eHN mRNA transcript levels and protein synthesis in the transformants. Tested clones with high eHN mRNA transcripts (Fig. 2b) yielded greater eHN protein amount than the non-tested clones with lower mRNA transcript level (data not shown). Such observation was also reported by Urreta et al. (2011) , when half of their transgenic tobacco clones expressing recombinant human placental lactogen showed similar positive correlation. This implies the importance of mRNA transcript level and stability in determining the protein yield. In fact, Faye et al. (2005) had already stated that the yield of recombinant proteins in plants greatly depend on the transcription and translation rates of the proteins during the entire expression process. Results obtained from this work also allow us to hypothesise that NtADH 5 0 -UTR translational enhancer effectively enhanced the eHN mRNA translation rate. In addition, the eHN protein was expressed in soluble form suggesting the importance of post-glycosylation for the proper folding of eHN protein. Level of eHN protein from the BY-2 cells crude extract was quantitated by enzymelinked immunosorbent assay (ELISA) using mouse anti-NDV specific antisera and is indicated as percentage of total soluble protein (% TSP). The eHN protein was Transgenic lines Relative amount of mRNA Hahn et al. (2007) . We were able to enhance the expression of the eHN protein level through the strong constitutive promoter coupled with the NtADH 5 0 -UTR untranslated leader sequence enhancer.
In order to localized eHN protein expression in the heterologous system, the eHN cDNA was cloned into 35S:green fluorescent protein (GFP)/pBI121 plasmid to produce 35S:eHN:GFP/pBI121 plasmid, which was then transiently transformed into protoplasts prepared from tobacco BY-2 cells according to the protocol described by Haasen et al. (1999) . The fluorescent signal of the eHN:GFP fusion protein was detected under the confocal laser microscopy and shown to be localized predominantly at the cytosol (Fig. 3) . To test the immunogenicity of the expressed eHN protein, groups of five adult BALB/c mice were intraperitoneally inoculated with 5.0 lg purified eHN protein from tobacco BY-2 cells in incomplete Freund adjuvant (IFA). Group 1 received eluents from wild type tobacco BY-2 cells and group 2 received the purified eHN protein from transgenic tobacco BY-2 cells. The first inoculation and boosters were performed on days 0, 15, 29 and 50. Animals were bled on days 7, 21, 45 and 67, and sera were frozen until used. Group 3 comprised the positive control mice which were vaccinated with inactivated NDV strain AF 2240 in IFA. The presence of anti-NDV antibodies in the sera was determined by ELISA coating the 96-well plate with purified NDV. The HRP-conjugated anti-mouse IgG (Invitrogen, USA) was used and results were expressed as absolute absorbance values. Based on the ELISA results, antibodies were produced in the mice after the inoculation with purified eHN protein. The immune response of the mice immunized with eHN protein grew stronger with each booster, similar with the mice inoculated with inactivated NDV (positive control). No response was detected in mice immunized with eluents from wild type tobacco BY-2 cells (Fig. 4) . The highest antibody titer of mice vaccinated with purified eHN protein was observed by day 67. Similar immune response were also observed, when mice were vaccinated using full length HN protein expressed in transgenic tobacco (Hahn et al. 2007) or potato plants (Berinstein et al. 2005) . Hence, eHN protein lacking the transmembrane region is sufficient to induce immune response comparable to its native protein in the murine model. Taken together, these results demonstrated that the truncated HN protein produced in transgenic tobacco BY-2 cells induce specific immune response, maintain its biological activities and can serve as candidate vaccine against NDV. Moreover, the addition of 6xHis-tag at the C-terminal region of the eHN protein did not negatively render its immunogenic properties.
The stable plant cell expression system coupled with the simple purification process used in this study allowed us to Serum samples were collected on days 7, 21, 45, and 67, and anti-NDV antibodies were detected using ELISA. Each data represents an average value ± SD (n = 5) continuously obtain eHN protein for analysis. Moreover, the expressed construct was able to produce high levels of eHN protein; with potential for large scale production of plant based subunit vaccine against NDV or other important therapeutic glycoproteins.
In summary, we have demonstrated the successful expression of functional eHN protein lacking the transmembrane region using transgenic BY-2 cell system. In addition the used of NtADH 5 0 -UTR translational enhancer greatly improve the eHN protein level in transgenic BY-2 cell cultures. Currently, immunization experiments using chickens are being conducted in our laboratory in order to determine the feasibility of using eHN protein produced from tobacco BY-2 cells as an easy and economical vaccine for poultry.
